INTRODUCTION
We will now apply the Lie algorithm to the 1-D hydrodynamic flow equations of continuity, The use of group invariance techniques in the solution of the hydrodynamic flow problem is well known.
(1) Traditional application of these methods has centered on reducing the order for these coupled sets of linear, hyperbolic PDE's by coordinate transformations. 
( ) (
Since the hydrodynamic flow equations are characteristically hyperbolic, the reduction to nonlinear ODE's offers a great advantage to the numerical solution of these types of problems. (2) The most widely used coordinate transformation in the literature is the self-similar group. This reduction assumes a time scaling of the flow variables (i.e., density, pressure, and velocity) wherein the modified dimensionless profiles retain a constant shape scaled only in time.
And the conservation of energy,
These solutions and the problems they represent are the conditions of a physically degenerate and asymptotic state. Problems of this type exhibit self-similarity of the first kind.
Where j=0, 1, or 2 for rectangular, cylindrical, and spherical geometry respectively. Typically, one could apply this technique to simulate the physically degenerate problem of a strong shock (i.e., blast wave) with no counter pressure c 4 , and high Mach number flow. These equations require a statement of closure that represents the equation of state. In this presentation we will consider a one-dimensional flow Given this set of equations, it is then possible to construct the following general class of similarity variables; field wherein the equation of state is expressed as a bulk modulus K, in density and pressure. It is to the admissible forms of K for the finite strain Birch-Murnaghan EOS's and how they relate to the group parameters that the rest of this paper will be devoted. 
Application of the group analysis technique will be demonstrated for the spherical shock wave problem (i.e., j=2). The flow equations for this problem are as follows;
and (13)
Use of the Lie algorithm leads to the following five-parameter group generator; (2) Note that these new variables are expressed in terms of the independent variable λ, the time t, the group parameters c 1 through c 5 , and the reduced functions, F(λ), G(λ), and H(λ). 
BIRCH-MURNAGHAN EOS's
One application of the group approach is to provide a technique for comparing a theoretical equation of state with experimental data.
To illustrate this point, the invariance conditions for the second, third, and fourth order BirchMurnaghan Equations of State will be determined. From the group generator a characteristic set of equations can be written that can be used to generate various coordinate transformations for the governing set of flow equations Consider the fourth order Birch-Murnaghan pressure and bulk modulus. 
Classically, the self-similar blast wave problem considers an asymptotic solution (self-similarity of the first kind).
( 
As an example, consider an ideal gas and a blast wave propagating through it. In this case, c 1 /c 2 is equal to 2/5, (c 5 =0, i.e., for a uniform media).
Note that K OT , K OT ', and K OT '' are the isothermal bulk modulus at ambient temperature, and its first and second derivatives respectively.
In this study a more general class of problems is suggested by inspection of the ratio (c 1 /c 2 ). This situation was created because all of the group parameters expressed in the invariance condition for
INVARIANCE CONDITION FOR
THE BULK MODULUS the mathematical form K(ρ,P) were maintained to affect as general solution as possible. This leads us to a statement of self-similarity of the second kind.
The invariance condition on the bulk modulus requires that the mathematical form be as follows;
These represent physical problems for conditions where a finite (non-zero) limit on the group parameters do not exist over all parameter space considered in the physical problem (i.e., it varies), but which approach the classical self-similar problem as a special case.
( 1 9 ) So that, 
ILLUSTRATIVE EXAMPLES
This can then be substituted into the invariance condition on the bulk modulus function to obtain the ratio c 1 /c 2 ;
To illustrate how this technique can be applied to study real physical problems, we will consider ( ) Reduction to third and second order forms is accomplished by setting ζ=0, and then ζ=0 and ξ=0 respectively. Figures 1 through 6 show the variation in the expansion ratio (c 1 /c 2 ) as a function of the material resistance condition (c 4 /c 2 ) for differing degrees of approximation in the Birch-Murnaghan EOS.
These conditions express mathematically how the expansion ratio (c 1 /c 2 ) and the material resistance condition (c 4 /c 2 ) are related and vary with the compression ratio β.
Magnesium Oxide (K OT =160.3GPa, K OT ′=4.1, K OT ″=-0.03GPa -1 ) has a sharp drop in the expansion ratio (c 1 /c 2 ) with both increasing material resistance and the degree of approximation in the EOS for an increasing compression ratio β.
Note that the material uniformity ratio (c 5 /c 2 ) is related to (c 1 /c 2 ) by requiring constant energy in the shock wave, as expressed in the requirement that the energy integral remain invariant. This condition is satisfied when c 5 =2c 2 -5c 1 .
Application of the coefficients for Sodium (Na) (K OT =6.028 GPa, K OT ′=4.27, K OT ″=-0.4 GPa While the results for the second and third degree approximations possess similar trends as seen for MgO, the fourth degree approximation develops a hump as the compression ratio rises (peaking at around β=3.45). Com pression Ratio (beta) Expansion Ratio (c1/c2) c4/c2=0 c4/c2=1 c4/c2=2 c4/c2=3 c4/c2=4 c4/c2=5
The reasons for this behavior will be explored in a future paper. 
